This study investigated binaural detection of tonal targets ͑500 Hz͒ using sets of individual masker waveforms with two different bandwidths. Previous studies of binaural detection with wideband noise maskers show that responses to individual noise waveforms are correlated between diotic (N 0 S 0 ) and dichotic (N 0 S ) conditions ͓Gilkey et al., J. Acoust. Soc. Am. 78, 1207-1219 ͑1985͔͒; however, results for narrowband maskers are not correlated across interaural configurations ͓Isabelle and Colburn, J. Acoust. Soc. Am. 89, 352-359 ͑1991͔͒. This study was designed to allow direct comparison, in detail, of responses across bandwidths and interaural configurations. Subjects were tested on a binaural detection task using both narrowband ͑100-Hz bandwidth͒ and wideband ͑100 Hz to 3 kHz͒ noise maskers that had identical spectral components in the 100-Hz frequency band surrounding the tone frequency. The results of this study were consistent with the previous studies: N 0 S 0 and N 0 S responses were more strongly correlated for wideband maskers than for narrowband maskers. Differences in the results for these two bandwidths suggest that binaural detection is not determined solely by the masker spectrum within the critical band centered on the target frequency, but rather that remote frequencies must be included in the analysis and modeling of binaural detection with wideband maskers. Results across the set of individual noises obtained with the fixed-level testing were comparable to those obtained with a tracking procedure which was similar to the procedure used in a companion study of rabbit subjects ͓Zheng et al., J. Acoust. Soc. Am. 111, 346 -356 ͑2002͔͒.
I. INTRODUCTION
The task of detecting a pure-tone signal in a noise masker has been a critical tool used by psychophysicists to probe the mechanisms of hearing ͑e.g., Fletcher, 1940; Helmholtz, 1863͒ . This simple task has been a building block of auditory theory, playing a role in the development of concepts, such as the critical band filter, and models for the integration of information across time as well as for the fundamental mechanisms of binaural hearing. Nevertheless, the mechanisms with which normal-hearing listeners perform this basic task are still not completely understood. Although it is often assumed that listeners base their decision on stimulus energy or a closely related statistic, this assumption has repeatedly been shown to conflict with observed data ͑see, for example, Gilkey, 1987; Kidd, 1987; Kidd et al., 1989;  repeated noise waveforms is investigated ͑Gilkey et al., 1985; Isabelle and Colburn, 1991; Isabelle, 1995; Gilkey, 1990; Colburn et al., 1997͒. This article reports the first experiments in a series of studies that will utilize psychophysical measurements from humans, psychophysical measurements from rabbits, physiological recordings from the inferior colliculus of rabbits, and computational modeling to explore the processing governing tone-in-noise detection. This set of studies is linked by a common set of stimulus manipulations ͑masker bandwidth and interaural signal phase͒ and by a common set of reproducible noise maskers, which will allow direct comparison across studies of psychophysical, physiological, and model responses to individual noise-alone and signal-plusnoise waveforms.
This article examines human monaural and binaural detection for both narrowband and wideband maskers, which were generated from the same 25 noise waveforms such that the spectral components in the 100-Hz frequency region surrounding the 500-Hz tone were identical under wideband and narrowband conditions. Most efforts to describe tone-innoise detection have considered only the parameters of the noise process and have ignored the statistics of the particular noise waveforms presented. In a typical experiment, each noise waveform is presented only once, and the average performance across a large number of masker samples is studied. Green ͑1964͒ used the term ''molar'' to refer to performance averaged across the ensemble of masker waveforms in this way. Another method is to consider each stimulus and predict the subjects' responses on a trial-by-trial basis. Green argued that a complete understanding of tone-in-noise detection would allow the experimenter to predict this ''molecular-level'' performance. In practice, incomplete knowledge of the internal noise of the listener and the sequential dependencies across trials makes trial-by-trial predictions impractical. Instead, a ''quasi-molecular'' approach can be employed, in which a set of reproducible noise waveforms is presented on multiple trials and the average response to each individual masker is analyzed. Several investigators have studied tone-in-noise detection using this approach ͑e.g., Pfafflin and Mathews, 1966; Ahumada and Lovell, 1971; Ahumada et al., 1975; Colburn, 1983, 1989; Gilkey et al., 1985; Isabelle and Colburn, 1991; Isabelle, 1995͒ . In most of these quasi-molecular-level studies, performance is described in terms of the probability of a ''target present'' response in one-interval experiments. Thus one measures the probability of correct detection, or a ''hit,'' (P h ) and probability of a false alarm (P f ) for each sample in the set of reproducible noises.
Modeling studies have been only moderately successful at explaining subject performance in reproducible-noise experiments, but they have raised several interesting theoretical questions, especially when results are compared across experimental studies ͑Gilkey et al., 1985; Isabelle and Colburn, 1991; Isabelle, 1995͒ . To a first approximation, the differences in hit and false-alarm rates across the ensemble of reproducible noises in a monaural or diotic detection task with wideband maskers ͑Watson, 1962; Ahumada et al., 1975; Gilkey and Robinson, 1986͒ can be explained by sample-to-sample differences in the output of a simple critical-band-based energy-detector model. Nevertheless, energy-based models do not account for a substantial portion of the total variance in subject responses ͑e.g., Gilkey and Robinson, 1986͒ , suggesting that energy at the output of a narrowband filter tuned to the target frequency may contribute to, but does not completely determine, the differences in responses observed across samples. Moreover, simple manipulations of stimulus parameters, such as masker bandwidth and the interaural phase of the signal tone, yield results that are not predictable by energy-related models.
The current study was designed in part to explore an apparent incongruity between studies with different masker bandwidths, notably the studies of Gilkey et al. ͑1985͒ and Colburn ͑1991͒ . With a 500-Hz target and wideband ͑100-3000 Hz͒ maskers, Gilkey et al. ͑1985͒ found that the across noise-sample pattern of responses ͑hit rates and false-alarm rates͒ for the diotic (N 0 S 0 ) condition was correlated with the pattern for the dichotic (N 0 S ) condition, even though the signal level was 10-15 dB lower for the dichotic condition. In contrast, with a 500-Hz target and narrowband ͑ 1 3 -oct band͒ maskers, Isabelle and Colburn ͑1991͒ found that hit and false-alarm rates were uncorrelated between the N 0 S 0 and N 0 S conditions for two of their three subjects. In subsequent work, they showed that the acrosssample differences in hit rate with narrowband maskers were not well predicted by energy-related models, including the equalization-cancellation ͑EC͒ model ͑Durlach, 1963͒ and cross-correlation models ͑Isabelle, 1995; Colburn et al., 1997͒ . The difference in masker bandwidths used in the two studies with reproducible noise was hypothesized to be the most likely reason for the discrepancy between these results ͑Isabelle and Colburn, 1991͒. Yet, if detection is based on energy in the response of narrow ͑i.e., critical-band͒ filters, then performance for tone-detection tasks with narrowband and with wideband maskers should be similar. Studies of binaural detection using random ͑nonreproducible͒ noise maskers have also concluded that there are differences in processing strategies between wideband and narrowband masker conditions, and between N 0 S 0 and N 0 S , especially for narrowband maskers ͑e.g., van de Par and Kohlrausch, 1999; Breebaart et al., 2001͒. The hypothesis that differences in bandwidth explain the differences in results between studies with reproducible noises can be tested by using pairs of narrowband and wideband maskers generated such that they are identical in the narrow band around the target frequency ͑i.e., approximately a critical band͒ and differ only outside the frequency range of the narrowband masker. Gilkey ͑1990͒ reported preliminary results comparing wideband and narrowband maskers in the same subjects; unlike Isabelle and Colburn ͑1991͒, Gilkey found that false-alarm rates were correlated across interaural configurations even with the narrowband maskers ͑although less so than with the wideband maskers͒. However, some of the subjects in Gilkey's study had unusual thresholds under the narrowband N 0 S condition, which were substantially higher than those of Isabelle and Colburn's subjects. Said differently, Gilkey's subjects had similar thresholds under the N 0 S 0 and N 0 S conditions, suggesting that they may have been using similar strategies under both conditions and may not have taken full advantage of the additional binaural cues available in the N 0 S condition.
The current study consisted of two experiments. The first experiment tested both diotic (N 0 S 0 ) and dichotic (N 0 S ) detection of fixed-level tones in narrowband and wideband noise maskers. In the second experiment, a tracking procedure was used to control the signal level. In both experiments, performance was examined across the ensemble of noise samples ͑molar level͒ and on a sample-bysample basis ͑quasi-molecular level͒. Because a companion study in rabbit ͑Zheng et al., 2002͒ used a tracking procedure to study behavioral performance across noises, it was important to determine whether sample-level data obtained with two different procedures were comparable.
II. GENERAL METHODS
The subjects were four undergraduate students ͑three male and one female͒ aged 18 -20 years with normal hearing. None of the subjects had prior experience with auditory experiments. The subjects were tested individually in an IAC ͑Industrial Acoustics Co., Bronx, NY͒ double-walled soundattenuating booth. Both the masker and target stimuli were generated and combined using TDT ͑Tucker-Davis Technologies, Gainesville, FL͒ programmable equipment and presented to the subject via TDH-39 ͑Telephonics Corp., Farmington, NY͒ headphones.
A. Stimuli
To compare subject performance across masker bandwidths, narrowband and wideband noise maskers were created with related spectra. Twenty-five independent wideband, reproducible noise maskers were created that had a rectangular spectral envelope with a bandwidth of 100 Hz to 3 kHz, chosen to be consistent with the wideband masker bandwidth used in the study by Gilkey et al. ͑1985͒ . The narrowband noise samples were obtained by digitally filtering the wideband noise samples so that the narrowband and wideband noise samples had identical phase and power spectra, component-by-component, in the 100-Hz frequency band, geometrically centered around 500 Hz ͑452 to 552 Hz͒. The narrowband masker was chosen to be similar to that of the narrowband masker employed by Isabelle and Colburn ͑1991͒. The long-term expected spectrum level of both the wideband and narrowband maskers was 40-dB SPL. Both the 500-Hz target and the masker were 300 ms in duration including a 10-ms rise/fall time with a cosine-squared ramp.
For each bandwidth, the N 0 S 0 and N 0 S stimulus conditions were each presented for approximately the same number of trials. Two different starting phases were studied for the N 0 S 0 condition; half of the N 0 S 0 trials were created by adding the tone with a 0°starting phase ͓N 0 S 0 (0°)͔, and the other half were created using a 180°starting phase ͓N 0 S 0 (180°)͔. These two starting phases represent the stimulus combinations that make up the N 0 S stimulus; the results for both starting phases of the N 0 S 0 stimuli are useful for understanding and modeling the relation between diotic and dichotic conditions. Performance in the diotic case varies with the starting phase of the target tone ͑Gilkey et al., 1985; Isabelle and Colburn, 1991͒ . When analyzing the responses to the N 0 S 0 stimuli, 50 target-masker combinations ͑the two starting phases for 25 different reproducible noises͒ were considered.
B. Experiment 1: Binaural detection with narrowband and wideband maskers
In experiment 1, responses were collected for detection of a 500-Hz tone under diotic and dichotic conditions with the wideband and narrowband sets of reproducible noise maskers.
Methods
a. Training. Training consisted of three tasks: a twointerval two-alternative forced-choice ͑2I,2AFC͒ tracking task with feedback, a one-interval fixed-level task with feedback, and a one-interval fixed-level task without feedback. Within each task, the interaural configuration and masker bandwidth varied across sessions according to a balanced Latin square, but were held constant within sessions. Each of these training tasks used random noise maskers ͑i.e., not reproducible noise͒.
First, the 2I,2AFC task with feedback was used to familiarize the subjects with the listening conditions and to provide an initial estimate of each subject's threshold, which was used to determine the initial tone level for subsequent fixed-level testing. The subject's task was to decide which of two stimulus intervals containing noise also contained a tone. The two-down-one-up tracking procedure estimated the 70.7% correct point on the psychometric function ͑Levitt, 1971͒. This procedure used 4-dB steps through the first two reversals and 2-dB steps for the remainder of the run. Ten to 15 runs of the 2I,21AFC task were completed; the exact number of runs depended on the variance of the threshold estimates. Each run consisted of 100 pairs of stimuli in which each interval of the pair had the same masker waveform.
Second, a one-interval, fixed-level task with feedback was employed to familiarize the subject with the task and to determine a signal level for each subject under each condition that would lead to a value of dЈ near unity, where dЈ ϭz h Ϫz f , and z h and z f were the z-scores derived from the overall probability of a hit (P h ) across samples and the overall probability of false alarms (P f ) across samples, respectively ͑MacMillan and Creelman, 1991͒. Each run consisted of 100 trials using random noise at the bandwidth being tested. The tone levels in this task were ϩ3, ϩ1, and Ϫ1 dB with respect to the threshold determined by the 2I,21AFC tracking task. Two runs at each tone level were completed for each of the bandwidths and interaural configurations being tested. This sequence was repeated multiple times; levels were adjusted ͑with 1.0-dB resolution͒ until performance was stable and dЈ was approximately unity for the intermediate level tested. Random noise at the bandwidth being tested was used in all training trials that had feedback to prevent subjects from learning the unique characteristics of the reproducible noises.
Finally, the same one-interval task was repeated without feedback to determine if the levels estimated from the psy-chometric function would still yield a value of dЈ near unity with feedback turned off. If it did not, the tone level was again adjusted ͑with 1-dB resolution͒ to obtain a value of dЈ that was again near unity.
b. Testing. Four subjects completed a one-interval tonein-noise detection task for which the subject had to respond either ''yes, the tone was present'' or ''no, the tone was not present.'' The 500-Hz tone was fixed at a level determined by the training tasks described above. Final analyses were conducted on results for a single tone level at which stable performance with a dЈ near unity was maintained over a complete set of runs ͑Table I͒.
The bias parameter ␤ was calculated as a measure of the subject's tendency toward one response using the expression ␤ϭe
2 ) ͑MacMillan and Creelman, 1991͒. A ␤ value of 1 corresponds to no bias, so that the subject will respond ''tone'' and ''no tone'' equally often. ␤ values greater than 1 indicate that the subject responds ''no tone'' more often; ␤ values less than 1 indicate that the subject responds ''tone'' more often. The experimenter gave the subjects verbal feedback on the bias of their responses if the value of ␤ for a session strayed more than 15% from unity. Each testing session consisted of four identical sets of trials. Each set began with 20 practice trials with tone stimuli at a level 2 dB above the level that resulted in a dЈ of unity. Listeners were given feedback after each of the practice trials. Random noise at the bandwidth being tested was used in these practice trials to prevent subjects from learning the unique characteristics of the reproducible noises. Each set then continued with four runs consisting of 100 trials without feedback at the tone level chosen during the preliminary testing. Twenty-five reproducible noise masker waveforms were used in testing tone detection in each condition. Within each run, each noise sample was randomly presented exactly four times, two times with the tone and two times alone, so that each run consisted of 100 trials with no feedback. Each bandwidth and condition was tested for two to three sessions, which resulted in 56 to 96 trials for each signal-plus-noise and each noise-alone sample in each condition. The interaural configurations and noise masker bandwidths were randomized across sessions using a balanced Latin square.
Results and discussion
The molar-level results ͑i.e., averaged across noise samples͒ are shown in Table I , including E S /N 0 in dB, dЈ, and ␤, for the four combinations of interaural configuration ͑N 0 S 0 and N 0 S ͒ and masker bandwidth ͑NB: narrowband, 100 Hz bandwidth; WB: wideband, 100-3000 Hz band͒. The other entries in Table I , 2 , N, and r-values for hits and false alarms trials, will be discussed later in this work. Subject performance was near the targeted levels (dЈϭ1, ␤ϭ1͒ in all cases. Moreover, the performance levels ͑E S /N 0 in dB͒ are comparable to those typically observed in molar-level experiments employing similar stimuli ͑reviewed in Durlach and Colburn, 1978͒ . Because the dЈ values were not exactly one, and psychometric functions were not obtained in this study, exact values of the MLD cannot be determined. Nevertheless, approximate MLDs from these results range from about 9 dB to about 12 dB for the wideband maskers, and from about 8 dB to about 19 dB for the narrowband maskers. Most of these values are compatible with those that have typically been observed for similar conditions in the literature ͑reviewed by Durlach and Colburn, 1978͒ . However, it should be noted that the results for subject 2 under the N 0 S condition are unusual and indicate substantially worse molarlevel performance under the narrowband condition than under the wideband condition ͑this subject has a relatively small MLD, about 8 dB, for the narrowband condition͒. Although there is no obvious explanation for this anomaly, considerable variability across subjects has been reported for performance in binaural detection tasks, particularly for narrow bandwidths ͑Bernstein et al., 1998͒. In summary, these molar-level results are representative of those that would be expected in an equivalent experiment that did not employ reproducible noise maskers. A summary of the molecular-level data can be seen in Fig. 1 , in which the results for each subject under each binaural presentation mode and each masker bandwidth are shown separately in receiver operating characteristic ͑ROC͒ space. The top three rows of plots are for responses to narrowband stimuli, and the bottom three rows are for wideband stimuli; each row represents a particular interaural configuration. Each plotted character shows the proportion of hits (P h ) and the proportion of false alarms (P f ) for a particular noise sample; each character refers to the same noise sample in all panels. As can be seen, the characters are distributed broadly throughout the upper half of ROC space. The 2 values shown in Table I indicate that in each panel these across-sample differences in P h and P f are significantly greater than would be expected by chance alone and thereby indicate that the subjects' responses were driven by the properties of the individual noise-alone and signal-plus-noise samples. Said differently, some noise-alone and signal-plusnoise samples ''sounded'' more like they contained the target tone than others did. For example, Sample O can be seen in the upper right-hand corner of most of the panels, implying that this sample sounded like it contained the target tone on both noise-alone and signal-plus-noise trials under most conditions. In contrast, some samples appear below the positive slope diagonal in some conditions ͑e.g., sample A for all subjects in the N 0 S 0 wideband condition with 180°tone phase͒, indicating that the effect of adding the target in these cases was to reduce the probability of a ''yes'' response. Said differently, adding the target made the sample sound less like it contained a target. Gilkey ͑1981͒ found that these cases with lower values of P h than P f tend to occur when the phase angle of the signal is such that adding the signal to the noise tends to reduce the energy in the noise near 500 Hz. These cases occurred in the present study predominantly in the two wideband N 0 S 0 conditions. The differences in performance on the tone-detection task across the set of reproducible noises were comparable to those reported in previous studies, based on a comparison of ROC plots ͑Gilkey et al., 1985; Isabelle and Colburn, 1991͒ and 2 values ͑Isabelle and Colburn, 1991͒. Greater differences in responses across the set of reproducible noises for N 0 S 0 than for N 0 S can be observed in Fig. 1 , and are also reflected in the 2 values in Table I ͑note that the numbers of trials for each condition must be taken into account when comparing 2 values͒. These greater differences in responses across noise samples for the N 0 S 0 condition were also reported by Isabelle and Colburn ͑1991͒ and are consistent with the greater dependence of detection threshold on target phase for the N 0 S 0 condition, which has been reported in previous studies of detection in reproducible noises ͑Gilkey et al., 1985; Langhans and Kohlrausch, 1992͒. Examining these data at the quasi-molecular level indicates statistically significant sample-by-sample differences in subject responses that are not, by definition, considered in a molar level analysis. The goal of this series of articles is to utilize these sample-by-sample differences to determine the processing that the observer uses to judge the presence or absence of the target.
a. Comparison of responses across bandwidths. If the subjects base their judgments only on information within the auditory filter centered at the 500-Hz target frequency, then the effective stimuli under the wideband and narrowband conditions are identical. If so, the patterns of responses seen in the panels in the upper half of Fig. 1 should be identical to the corresponding patterns in the lower half of Fig. 1 .
To examine this prediction more closely, the correlation between responses under the narrowband and wideband conditions is shown in Table II , separately for P h and P f , and for each binaural presentation mode and subject. For the N 0 S 0 condition, the correlations for all of the subjects are significant for P h ; three of the four subjects are significantly correlated for P f and the fourth subject shows positive, but insignificant, correlation. These results indicate that subjects are, to some degree, using the same information in the wideband and narrowband maskers ͑e.g., the information contained in the critical band centered at the target frequency͒ to make their judgments about the presence of the target in the N 0 S 0 condition. However, a measure of the strength of these correlations in the context of the stability of subjects' performance can be obtained by comparison to the intra-subject correlations in Table I . The observed correlations of responses for the two bandwidths, while significant, are lower than might be expected based on the correlation between each subject's responses during the first half and second half of the runs ͑Table I͒, which was significantly greater than that across the two bandwidths. Tests of significant differences for non-independent correlations were used to compare the across-bandwidth correlation to the first-half-last-half correlations for N 0 S 0 hits. Fourteen of the 16 resultant comparisons ͑2 bandwidthsϫ2 halvesϫ4 subjects͒ were significant at the 0.05 level. The significantly decreased correlation across bandwidths relative to the first-half-last-half correlation implies that information outside the 100-Hz band centered at the signal frequency affects the subject responses in the wideband condition. Consistent with this result is Gilkey and Robinson's ͑1986͒ ability to explain more of the sample dependence with a model that combined seven 50-Hz bands over a range of frequencies than they could with a single frequency band.
For the N 0 S condition, none of the subjects show values of P h that were significantly correlated across the bandwidths ͑Table II͒. For two subjects, P f was significantly cor-related across bandwidths, but these correlations were significantly lower than the comparable correlations between each subject's responses for the first and second halves of the runs ͑Table I͒. The weak or insignificant correlations across the two bandwidths implies that, for all subjects, N 0 S responses in the wideband condition are influenced by information outside the critical band centered at the signal frequency, thereby lowering the correlation with responses in FIG. 1 . P h vs P f for each reproducible noise sample ͑''a'' through ''y''͒ for each subject ͑columns͒, bandwidth ͑top three rows versus bottom three rows͒, and interaural configuration ͑rows͒. the narrowband condition. Moreover, the effect of frequencies outside the critical band centered at the signal frequency appears to be substantially greater in the N 0 S condition than in the N 0 S 0 condition.
These results are compatible with the unpublished results presented by Gilkey ͑1990͒, who found significant correlations between values of P f in wideband and narrowband N 0 S 0 conditions, but substantially smaller ͑although still statistically significant for two out of three subjects͒ correlations between values of P f in the wideband and narrowband N 0 S conditions. The weak relation between wideband and narrowband responses in the N 0 S condition is also consistent with subjective reports about the cues used in the N 0 S condition for narrowband and wideband stimuli. Specifically, in the narrowband case, the ''width'' or ''shape'' of the binaural image is generally reported to provide a cue for detection; in the wideband case, the strength of the tonelike percept is reported to provide a cue for detection. These results are also consistent with the conclusions of van de Par and Kohlrausch ͑1999͒ and Breebaart et al. ͑2001͒ using random ͑nonreproducible͒ noise maskers across a range of bandwidths. However, they concluded that subjects were performing the task based on a single auditory filter centered at the target frequency in the wideband case, whereas integration across a number of different auditory filters was used in the narrowband case. The reproducible noise results presented here provide a means to test specific predictions of this and other models in future modeling studies.
c. Comparison of Responses across Interaural Configurations.
The potential difference between results for wideband and narrowband conditions was first indicated when values of P f and P h were compared across interaural configurations for sets of reproducible narrowband maskers by Isabelle and Colburn ͑1991͒, who found weak and typically insignificant correlations, and for wideband maskers by Gilkey et al. ͑1985͒ , who found significant correlations. However, these results were for different subjects and different reproducible noise samples. The current study allows this comparison within a single experiment. Based on the previous reports, it was expected that performance for N 0 S 0 and N 0 S conditions would be correlated under the wideband conditions and uncorrelated under the narrowband conditions. Table III shows that the responses of all four subjects were significantly correlated across interaural configurations with the wideband maskers, which is consistent with Gilkey et al. ͑1985͒ . With the narrowband maskers, the responses of two subjects ͑S1, S3͒ were not significantly correlated for either signal-plus-noise trials ͑i.e., P h ͒ or noise-alone trials ͑i.e., P f ͒, the responses of one subject ͑S2͒ were positively correlated for both noise-alone and signal-plus-noise trials, and the responses of one subject ͑S4͒ were negatively correlated ͑but only for signal-plus-noise trials͒. These results are consistent with the diversity in response patterns across subjects reported by Isabelle and Colburn ͑1991͒ for narrowband maskers. ͑They reported one subject with significant positive correlations for both hits and false alarms, and two subjects with negative, but not significant, correlations.͒ These results suggest either that different processing strategies are used for different bandwidths or that masker components outside the critical band have a significant impact on the processing of stimulus components within the critical band.
d. Comparison of performance across subjects. The comparisons across bandwidths and interaural configurations presented above illustrate trends that were generally true for all subjects. For example, the P h results for the N 0 S 0 condition were strongly correlated across bandwidths for all subjects, and the P h results for the N 0 S condition were not correlated for any of the subjects Intersubject correlations are shown in Table IV . The responses across reproducible noise maskers were significantly correlated for all pairs of subjects for the N 0 S 0 condition for all cases, including both hits and false alarms and both narrowband and wideband maskers. N 0 S results were also significantly correlated for all pairs of subjects for the wideband maskers, for both hits and false alarms. However, for the narrowband N 0 S condition, only two subjects ͑S1 and S3͒ had significant positively correlated performance; one pair of subjects had a significantly negative correlation for performance on hits, and all other correlations were insignificant for the narrowband N 0 S condition. The degree of variability in performance across subjects in this study was consistent with that reported for similar tasks by Bernstein et al. ͑1998͒. Correlations between results for the wideband and the narrowband conditions. Pearson product-moment correlations are given for each subject and interaural configuration for both P h and P f . dfϭ48 (N 0 S 0 ), 23 (N 0 S ) ͑see note in caption for 
C. Experiment 2:
Comparison of tracking and fixed-level procedures
Methods
Experiment 1 was conducted at a fixed-tone level; however, a companion study ͑Zheng et al., 2002͒ used rabbits that were studied with a tracking procedure. To explore potential differences in performance that might be related to these different testing procedures, a tracking procedure was used to retest two of the subjects from experiment 1 ͑S1 and S4͒, and the results of the two procedures were compared.
The same one-interval, yes-no task that was used in the fixed-level procedure of experiment 1 was used for the tracking procedure here, and the same fixed number of trials were included in each run. However, the tone-level in each toneplus-noise trial was adjusted by following a two-downone-up rule ͑Levitt, 1971͒. Tone levels were adjusted based on the subject's responses for tone-plus-noise trials only. For each track, 4-dB steps were used until there were two reversals and then 2-dB steps were used for the remainder of the run. The 70.7% correct detection threshold was calculated by averaging the reversals ͑after the step-size change͒ of each track. Signal trials that were presented at levels between one step above and two steps below the mean reversal level were used for the reproducible noise analysis, consistent with the analysis used in the companion study ͑Zheng et al., 2002͒. Subject S1 was tested on narrowband conditions and subject S4 was tested on wideband conditions. Table V shows the summary of the data collected from these two subjects, which can be compared to their results in Table I for Experiment 1. With the tracking procedure, subject 1 shows a MLD of 16 dB for the narrowband condition and subject 4 has a MLD of 12 dB for the wideband condition. As can be seen, both molar-level ͑threshold values of E S /N 0 in dB͒ and quasi-molecular-level ͑ 2 and correlations between the first and last halves of the trials͒ results are comparable for the two experiments. Subject 1's threshold for the N 0 S condition was higher by approximately 3 dB whereas subject 4's threshold was lower by 2 dB when performing the fixed-level experiment. Table VI shows that the sample-by-sample correlations between experiments 1 and 2 for both subjects were significant and positive for both hits and false alarms for all four combinations of bandwidth and interaural configuration. The results from the two testing procedures were strongly correlated for both subjects and for all conditions tested. Although these subjects were all tested extensively using fixed-level procedures before testing with the tracking procedures, it appears that tracking and fixed-level procedures yield similar results and that the results of our planned across-species comparisons would not be substantially obscured by this difference in procedure. 
Results and discussion

III. GENERAL DISCUSSION
This study tested subjects using a binaural detection task with wideband and narrowband noise maskers that had the same spectral components in the 100-Hz frequency region surrounding the 500-Hz tone. Comparisons of the results for the two bandwidth conditions reported here indicate that frequencies outside the 100-Hz band centered at the 500-Hz tone influence detection in both the N 0 S 0 and N 0 S conditions. The results are consistent with previous studies that focused on either wideband or narrowband reproducible noise maskers ͑e.g., Gilkey et al., 1985; Isabelle and Colburn, 1991͒ .
Comparison of the responses across the N 0 S 0 and N 0 S conditions for each of the masker bandwidths suggests that diotic and dichotic responses differ significantly due to the influence of frequencies outside a bandwidth that approximates the critical band. Dichotic processing is apparently much more influenced by the presence of frequencies away from the target frequency. These results provide motivation to extend models beyond the narrowband mechanisms that have been the focus of binaural detection models to date ͑Isabelle, 1995; Colburn et al., 1997; cf. Breebaart et al., 2001; Trieurniet and Boucher, 2001͒. Future studies in this series will attempt to model these experimental results. Several challenges for such modeling studies are raised by these results. For example, responses across subjects generally were not correlated for the narrowband N 0 S condition; therefore, it would not be possible to explain these data with a single model except by changing parameters from subject to subject. In general, performance across subjects was more highly correlated for the N 0 S 0 condition than for the N 0 S condition and was more correlated for the wideband condition than for the narrowband condition. The results of these comparisons suggest that subjects' listening strategies may change in a complex manner that is influenced by energy outside the critical band. In addition, different strategies for combining information across frequencies have been suggested by this and other studies. Whereas we conclude that energy outside the critical band influences detection in the wideband condition, others have concluded that cross-filter integration predominantly affects the narrowband condition ͑e.g., Breebaart et al., 2001͒ . These differences can be explored both by detailed modeling of the results across reproducible noise maskers, and with additional experimental studies in which the spectral contents are systematically varied both within and outside the critical band.
It has been established in detection studies with rabbits that differences in detection performance are observed across noise samples ͑Early et al., 2001͒. A study of tone detection in rabbit using narrowband and wideband maskers and using the interaural configurations of the current study is the topic of the companion article ͑Zheng et al., 2002͒. Similar trends across bandwidths and interaural configurations were found for the rabbits as were found for the human subjects in the current study. Future studies will pursue the problem of diotic and dichotic masking with signal-processing-and physiologically based models, and with physiological experiments. 
